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Manufacturing firms around the world are constantly faced with the challenge to stay competitive in the 
evolving global market. Majority of manufacturing plants are faced with low production efficiency and 
productivity challenges. These challenges have triggered the necessity for manufacturing organization to 
constantly be on the lookout for improvement strategies. Over the past 10 years, there has been a decline in the 
South African manufacturing industry in terms of the industry’s contribution towards Gross Domestic Product 
(GDP). This decline may be attributed to different factors such as slow economic growth and lack of investment. 
However production inefficiency and low productivity are among the contributing factors. 
 
This research intends to investigate effective methods to improve production efficiency in the manufacturing 
industry by examining the efficiency of the production line using Key Performance Indicators (KPIs). Literature 
on World Class Manufacturing (WCM) improvement strategies and its applications is reviewed. This study 
follows a quantitative research approach using secondary data provided by company X. This research uses a 
case study of a steel manufacturing company X located in Newcastle, Kwa-Zulu Natal to investigate the 
performance of a production line based on Availability, Performance and Quality described by Overall 
Equipment Effectiveness (OEE) as prominent Key Performance Indicators (KPI). In addition, the study analyses 
production stoppages to calculate the three factors of OEE and identifies productivity initiatives that would lead 
to an overall increase in production line efficiency.  
 
Research findings indicate that three production KPIs scores are below the recommended World Class 
Manufacturing scores which are as follows; 90% for Availability rate, 95% for Performance rate, 99% for 
Quality rate and 85% for OEE.  According to data analysis performed, the calculated values for Availability 
rate is 92.3%, followed by Performance rate that is found to be 84.8%, then Quality rate that is found to be 
96.8% and lastly OEE at 75.4%.  Recommendations to improve these KPIs are presented which includes 
implementation of Total Productive Maintenance (TPM). Research findings also indicate that among three 
operations support departments (i.e. Electrical, Mechanical and Instrumentation), Mechanical related stoppages 
result to longer production downtime when breakdown occurs. Improvement recommendations are made based 
on the findings. Among suggested strategies include proactive maintenance, employees training and 
development. Operators training on machinery in regular intervals is also recommended to enable them to 
execute autonomous maintenance on the machines they operate without calling main maintenance personnel. 
By so doing production delays are likely to be significantly reduced.  
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1. INTRODUCTION AND BACKGROUND 
 
This introductory chapter provides an overview of the purpose of this study which is focused on investigating 
factors that are affecting production efficiency in the manufacturing industry. This chapter provides a brief 
research background, problem statement, purpose of the research, research objectives, research questions, 
significance of the research, format of the study and summary. 
1.1 Research background 
 
Manufacturing is a complex industry defined by ongoing changes in a fast evolving world. The manufacturing 
sector is believed to contribute a significant portion to the world’s Gross Domestic Product (GDP). In South 
Africa (SA), manufacturing is the fourth largest industry in the country, contributing 14% to GDP (StatsSA, 
2018). According to Stats SA, in the third quarter of 2019 South African GDP contracted by 0.6%.  Stats SA 
further states that “manufacturing, mining and transport were the biggest drags on growth in gross domestic 
product (GDP)”.There have been predictions that manufacturing performance is likely to remain subdued over 
the next few years as high operating costs and electricity shortages weigh on demand (Treasury, 2020). During 
these tough economic times, it is of significant importance to operate the manufacturing industry optimally 
while striving to minimize all possible unwanted losses that may lower desired throughput. 
 
An increase in global competition has created essential changes in the competitive manufacturing sector. 
Manufacturing companies need to develop strategic plans to remain competitive in terms of operations 
improvement amongst other competitors in the market space.  Increasing plant productivity and improving 
overall efficiency of production processes are important goals of every manufacturing plant. Many 
manufacturing companies seek ways to implement productivity improvement strategy to assist firms to stay 
competitive as many firms struggle with continuous productivity improvement. Innovation is an essential pillar 
of continuous improvement in the manufacturing process. 
 
Manufacturing firms use different systems that consist of various machinery which enable the factory to 
accomplish specific type of production. These systems consist of people, equipment and procedures designed 
for proper facilitation of processes that control manufacturing operations. Manufacturing plants are often faced 
with low production efficiency challenges triggered by plant inefficiencies, as a result this leads to low plant 
performance. The quest for improving production efficiency in the competitive manufacturing environment has 
led to a need for accurately defined performance measurement systems for manufacturing processes (Zineb, et 
al., 2017). The current challenges have triggered the need to investigate factors that are affecting production 




1.2 Research Problem Statement 
 
Many manufacturing organisations are faced with the challenge to stay competitive in global market space. Low 
production efficiency and low productivity are among dominant challenges in the manufacturing industry. The 
observed decline in South African manufacturing output in 2019 has triggered the need to investigate factors 
that affect production efficiency in the manufacturing industry. This research intents to investigate effective 
methods to improve production efficiency while allowing continuous improvement by evaluating production 
Key Performance Indicators (KPIs) and ways at which these KPIs can be improved. 
1.3 Aim of the research  
 
The aim of this research is investigate effective methods to improve production efficiency by examining the 
efficiency of the production line using Key Performance Indicators (KPIs) and production stoppages  to identify 
ways in which these KPI's can be continuously improved while increasing productivity of the manufacturing 
plant.   
1.4 Research Objectives 
 
The objective of this study is to investigate KPIs of the production efficiency in the manufacturing plant and 
recommend support initiatives to improve the production efficiency of the plant. 
1.5  Research Questions 
 
The following research questions are posed: 
 What are the optimum Key Performance Indicators (KPI) of manufacturing plants, based on the 
international best practice?  
 What are the contributing factors to low production efficiency of the plant? 
 What are the support initiatives that can be implemented in order to improve production efficiency of 
the manufacturing plants? 
1.6 Significance of the research 
 
Manufacturing is an important commercial activity performed by companies that sell products to customers. A 
manufacturing plant comprises of a set of systems and processes designed to transform a defined range of 
materials into products of increased value. As a result, the more variables present in the process the greater the 





This research aims to investigate factors that are affecting production efficiency of the manufacturing plants. 
The findings of this research are believed to add value to the manufacturing industry in terms of decision making 
by enabling the management of production plants to have more insight on operational challenges faced by the 
plants and to pin point the sources of inefficiencies during production. The outcomes of this study are expected 
to assist many manufacturing plants in their endeavours to implement effective methods to improve and sustain 
high production efficiency by putting actions in place to mitigate unwanted losses during production. 
1.7  Format of the study  
 
This study consists of five chapters structured in the following layout: 
Chapter 1: Introduction and background 
Chapter 1 introduces the study and gives a brief overview of the purpose of the study. 
Chapter 2: Literature review 
Chapter 2 presents a literature review on the chosen research field. 
Chapter 3: Research methodology 
Chapter 3 outlines the methodology and study approach followed throughout the process of conducting the 
research. 
Chapter 4: Research results and discussion 
Chapter 4 presents the detailed analysis of the result and gives a thorough interpretation and discussion of the 
findings of the study. 
Chapter 5: Conclusion and recommendations 
Chapter 5 presents a comprehensive summary of the research findings with the recommendation to the 
stakeholders as to how to make use of the identified findings to improve production efficiency of the plant. This 
chapter concludes the study with suggestions and recommendations for further research studies in relevant areas. 
1.8  Summary 
 
The first chapter gives a brief overview on the research background and the factors affecting production 
efficiency in the manufacturing industry. Research background, research problem statement, aim of the 
research, research objectives, research questions, significance of the research and the format of the study are 







2. LITERATURE REVIEW 
 
In the previous chapter a detailed background of the chosen research, problem statement and the purpose of the 
study are presented. This chapter focuses on presenting a thorough literature review on manufacturing overview 
and production system, followed by a brief review on the importance of implementing improvement methods 
in the manufacturing sector in order to stay competitive in the global market. This chapter further gives a 
literature on manufacturing operational improvement methods adopted by different plants in their pursuit to 
reach World Class Manufacturing (WCM) performance.  
 
Adopted methods include Lean Production, Six Sigma, Total Quality Management (TQM) and Total Productive 
Maintenance (TPM) as these are found to be relevant to the work covered by this research. This chapter also 
presents a detailed literature on Overall Equipment Effectiveness (OEE) as the Key Performance Indicator (KPI) 
of production efficiency of the production line.  A literature review on the types of maintenance approach 
adopted by manufacturing companies are also presented in details namely Corrective Maintenance, Preventive 
Maintenance and Predictive Maintenance.  
2.1  Manufacturing Overview 
 
The manufacturing industry is essential for the welfare of developing countries due to technological and 
economic reasons (Tshabalala, 2018). Manufacturing in this context could be defined in terms of technology as 
the conversion process of raw materials by means of machinery, tooling, power, and labour into a desired 
finished product as depicted in Figure 1 below.   
 





Manufacturing can also be defined in terms of economics as the transformation of material of lower value by 
means of changing its properties and shape into a product of greater value (i.e. monetary) as depicted in Figure 
2 below. The manufacturing process is normally carried out in a sequence of operations in order to transform 
the items towards the desired product of greater value (Tshabalala, 2018). 
 
Figure 2: Manufacturing in terms of economics                                                         
2.1.1 Production system and manufacturing 
 
The main purpose of the production system is to create value by conversion of the natural resources using 
processes into products that customers are willing to pay for (Sreekumar, et al., 2018). In a broader context a 
production system controls the transformation of raw material into items of increased value. Production is 
normally seen as a complex exercise that involves various components such as machinery, materials, and 
humans. For this reason it is acceptable to look at production activity from the production system perspective 
as an enabler of the manufacturing process.  
 
Production system can be defined as a collection of various components such as for example people and 
machines, which are interrelated in an organized way and work together towards a purposeful goal. Production 
systems may be defined in several ways depending on one’s perspective, however the bottom line is that 
production system is the conversion system that enables and control the processing of particular inputs into 
required outputs. 
2.1.2 Competitiveness in Manufacturing Sector 
 
The manufacturing industry has been changing at an accelerated speed over the past recent years (Naveen & 
Babu, 2018). As a result of the fast growing challenges within the manufacturing industry, most of 
manufacturing plants are under severe pressure to stay competitive and the current conditions have triggered 
the necessity for finding cost effective ways to produce products at a high capacity in an efficient manner 




overcome the current manufacturing plant challenges such as capacity issues, low production efficiency and 
quality issues (Venkataiah & Sagi, 2013).  
These challenges have made it necessary for manufacturing firms to adopt various continuous improvement 
methodologies to stay competitive on the global market that is increasingly becoming more unpredictable (Shah 
& Patel, 2018).  Prior to 1980s prior to Total Quality Management (TQM) development the main concern of 
manufacturing plants had always been the capacity at which the plant produce (Venkataiah & Sagi, 2013). 
However, in recent years it became  evident that producing at a high capacity does not necessarily guarantees 
efficiency in production as defects in the process are still of great concern. Therefore, equipment reliability and 
quality should also be considered when examining production line efficiency of the plant.   
 
2.1.3 Manufacturing capability 
 
A manufacturing plant is normally comprised of systems and processes allocated for a required transformation 
of raw materials into desired items of increased value. Manufacturing plants are made of three essential elements 
which are raw materials followed by processes and lastly the systems. Without these three aspects mentioned 
above manufacturing and production activity would not be possible. Manufacturing capability refers to the 
extent at which manufacturing company can operate in terms of its technical and physical capabilities that 
determine the limitations of the manufacturing plants of the company. Manufacturing capability consist of three 
categories described as follows: 
 
Technological processing capability- refers to available set of processes within the manufacturing company. 
Various plants manufacture various products that are steered by complex processes for example a steel rolling 
plant uses a different process than that of a car manufacturing plant. The main feature that separates the two is 
the process in which production is being carried which includes technical expertise and technology employed 
by the plant. Production plants need to have suitable technical processing capability for satisfactory operation 
to produce the products that is being manufactured accordingly.  
 
Physical size and weight- a second element of manufacturing capability of the production plant is the ability of 
the production line to handle and manufacture certain products of a specific weight and size. The production 
plant needs to ensure that all the production handling equipment is designed to accommodate the products of a 
desired specific size and weight.  
 
Production capability-a third factor refers to the production capacity or the rate at which products are being 
produced in a given period of time. Also referred to as the maximum production rate at which a plant can 
produce under presumed operating conditions. Production capability refers to how much output items a 




2.2  World Class Manufacturing Improvement tools 
 
The prevailing challenges in the competitive manufacturing sector have forced the majority of manufacturing 
firms to constantly be on a lookout for effective techniques to enhance the performance of the manufacturing 
plants and to improve production efficiency (Adene, 2018). The main goal of improvement methods is to 
improve productivity which is defined by (Mapfaira, et al., 2015)  as “the effectiveness and efficiency with 
which a firm converts inputs into outputs”. Even though there is a huge number of different operational 
improvement techniques and methodologies used by different manufacturing companies such as Lean 
Production, Six Sigma, Total Quality Management(TQM), Just In Time(JIT) Production and Total Productive 
Maintenance to name a few.  
 
All these improvement methods share a common purpose which is to improve production efficiency, however 
these methods differ in their implementation approaches. Some of these methods focus on production quality 
management while others are operational based. These methods are regarded as part of the industry initiatives 
taken by manufacturing plants to eliminate non value adding activities and eliminate losses in order to conform 
to the World Class Manufacturing practices (Garza-Reyes, et al., 2015). 
2.2.1 Lean Production 
 
Lean production is the improvement philosophy that was developed by an engineer called Taiich Ohno at Toyota 
Motor Manufacturing during 1920s and is referred to as the Toyota Production System (TPS).  According to 
(Singh, et al., 2016), lean production is “a production strategy to eliminate waste and non-value added activities 
in a process while maximizing the value added tasks as required by the customer”. When lean strategy was 
founded, the main goal was to optimize production operations by eliminating non value adding activities such 
as overproduction, defect, idle time, excessive inventory, underutilized personnel and unnecessary movements 
to name a few (Osman, et al., 2019).  The research conducted by (Stevenson, 2018) states that lean production 
objectives include “zero waiting time, zero inventory, line balancing and cutting actual process time”.  
 
Lean production approach has been adopted by many manufacturing plants globally in the pursuit to optimize 
plant operations. (Claassen, 2016) suggests that “Lean Production does not only provides a set of tools to assist 
with elimination of waste but also enables the improvement of the flow in a production process” .However, this 
approach is perceived as the most challenging method to implement as it requires a collective approach from 
all the departments of the company including sales and product dispatch. Some of lean production methodology 
objectives include reduction of lead production time and decrease work in process inventory. Due to the 
implementation complexity of this philosophy most manufacturing companies normally hire consultants or 




2.2.2 Six Sigma 
 
Six Sigma methodology was developed by an engineer called Bill Smith when he worked for Motorola in 1986 
(Claassen, 2016). The main goal behind the development of Six Sigma was to minimize the rate of variability 
in the manufacturing process of the company. The six sigma methodology is based on decision-making and 
statistical control techniques to improve process quality management (Supriyanto & Maftuhah, 2017). This 
methodology focuses strongly on quality as it strives to keep the rate of defect on the production system at 3.4 
defects per million production opportunities (Claassen, 2016). Lean production and Six Sigma complement each 
other as lean production identifies specific areas for improvement while Six Sigma provides the appropriate 
tools and knowledge to address and improve the identified areas (Garza-Reyes, et al., 2015).  
 
According to (Ghosh, 2013) “Six Sigma offers a more scientific approach and focuses on quality, using control 
charts and statistical tools that keep the improvement processes above the target for reducing waste”. However, 
(Arnheiter & Maleyeff, 2015) claims that “Six Sigma lacks a broader and overall view of the system that takes 
into account the influence of wastes on the whole system”.The ultimate goal of the Six Sigma process is to 
enhance the production quality by producing products that are defect free 99.99 percent of the time. Six Sigma 
drives a customer focused continuous improvements strategy through a designed 5 step model called Define-
Measure-Analyse-Improve-Control (DMAIC) approach which is depicted in Figure 3 below. DMAIC 
methodology has been used globally by many researchers including (Amonkar & Kittur, 2019) on a study for 
productivity improvement in tyre manufacturing industry plant. An efficiency improvement of 41.1% was 
achieved by a tyre manufacturing plant (Amonkar & Kittur, 2019) through implementation of DMAIC 
approach. 
 






From Figure 3 above, Define is the initial step of the DMAIC approach where the problem or challenge faced 
by the manufacturing plant is defined thoroughly. In this step the scope of work is defined together with the 
goal and necessary requirements that support the improvement process. On the second step of the approach, the 
extent of the problem at hand is measured using available data with an intent to determine if the problem is 
really worth solving. Subsequently the analysis step follows where the available data is carefully analysed in 
order to find the actual root causes of the prevailing problem. After the root causes have been identified, the 
crucial work to improve the current process begins in order to eliminate similar problems in the future. This is 
the step where various solutions are tested and implemented to give the desired improvement results. Once the 
solutions have been implemented and the process have been improved, a company needs to continuously 
monitor and control the improved process in order to ensure sustainability of the process.  
2.2.3 Total Quality Management 
 
Total Quality Management (TQM) is regarded as one of the oldest lean improvement approaches that became 
popular during the years of 1980s. TQM is mainly focused on customer satisfaction and business processes 
control activities. TQM may be perceived as an approach that demonstrates how processes and production 
operations are supposed to be managed in order to improve productivity. This method focuses on product quality 
and reduction of production rate of defective products in the plant. The core values of TQM are as follows: 
 Management and leadership commitment,  
 Focus on customers’ needs and expectations,  
 Base decisions on facts and focus on processes,  
 Staff involvement and Improve continuously.  
 
TQM sets a trajectory of continuous improvement that is supported by the Plan-Do-Check-Act (PDCA) cycle 
tool depicted in Figure 4 below (Alauddin & Yamada, 2019) . 
 





The PDCA cycle involves using a variety of statistical tools and is a continuous activity for manufacturing 
companies that strive for continuous process improvement.  According to (Sahib, 2016) TQM has lost popularity 
over the recent years as new improvement strategies are developed. In addition, TQM implementation is likely 
to face resistance from the organization due to its complexity. This method is normally implemented with the 
assistance of consultants or specialist. 
2.2.4 Just In Time Production 
 
Just-In-Time (JIT) production is a Japanese management philosophy that has been applied by most of Japanese 
manufacturing companies since early 1960s in order to compete with the United State manufacturing 
processes after World War two (Javaid, et al., 2017). This methodology was initially developed and applied 
in the Toyota manufacturing plants by Taiichi Ohno as an approach to meet consumers demand with minimal 
delays (Manufacturing, 2020). JIT is a methodology aimed at enhancing product flow within production systems 
as well as response times from product manufacturers to their clients. Dr Kanchan defines JIT as “an ideology 
whose main focus is to reduce inventories involved in the manufacturing by providing right quantity of materials 
at the right time in the right condition” (Kanchan, et al., 2016). JIT is an improvement approach designed for 
reducing lead time and waste in the manufacturing plant. In simple terms JIT can be defined as a “philosophy 
of supplying a product that is needed, when it is needed, and in the quantity that is needed”. This helps in 
reducing the inventory list in the plant. 
 
 JIT is related to the Toyota Production System (TPS) concept described in section 2.2.1 under lean production 
methodology. This methodology helps manufacturing companies control variability in their production 
processes by enabling production to reduce operational cost whilst increasing productivity. Furthermore, the 
reduction of inventory and work-in-progress (WIP) gives the plant more time to focus on underlying 
productivity challenges. JIT is a comprehensive approach that involves various techniques and tools which are 
also considered in TPS such as the following: 
 Basic work practises  
 Operations focus  
 Total people involvement  
 Supply  
 Layout and flow  
 Set up reduction  
JIT methodology includes Continuous Improvement (CI) concept whose aim is to eliminate any item that do 
not add value to the production process. According to (Javaid, et al., 2017) waste includes “quality defects, 
inventories of all kinds, time spent to move material and time spent in setting up the machines” (Javaid, et al., 
2017). This methodology also promotes employees to take responsibility for any waste in the process, for 




process and work on the line to eliminate the issue at hand. According to the University of Cambridge Institute 
for Manufacturing (IfM) there are seven types of waste in manufacturing that JIT aims to eliminate namely 
(Manufacturing, 2020): 
 Waste of motion. 
 Transportation waste. 
 Processing waste. 
 Waste from overproduction. 
 waste from product defects 
 Inventory waste. 
 Waste of waiting time. 
2.2.5 Business Process Reengineering 
 
Business Process Reengineering (BPR) is a critical thinking and re-conception of a business process in order to 
make amazing improvements to current critical operational milestones such as cost, quality, service and speed 
to meet customer demand (Venkataiah & Sagi, 2013). The idea of business process reengineering originated in 
the early 1990s when Michael Hammer proposed that instead of using technology to automate work, it would 
be better applied to eliminate the need for work in the first place as he stated “don't automate, obliterate” 
(Tshabalala, 2018). Krishna and Kassaw in their research article state that “in order to address persistent 
problems of inefficiency, ineffectiveness and non- responsiveness in delivering organizational services BPR 
proposes fundamental and radical shift in organizational logic from task based to process based thinking” 
(Krishna, et al., 2015) 
 
The main goal of BPR is to eliminate all the non-value adding work within the current system. The main 
objectives of Business Process Reengineering can be highlighted as follows: 
 
 Rethink business processes in a multifunctional order in which work is organised around the normal 
flow of information. 
 Seek dramatic performance improvements through radical rethinking and redesign of the process. 
 Enable the process output users to run the process on their own and be their own supplier rather than 
relying on another business function to supply them (i.e. which may be time consuming). 
 Locate decision makers where the work is being done and do not separate those who do the work from 
those who control and manage the work. 
 
Bhaskar in his research paper states that “BPR is being used as a vehicle for realigning strategy, operations and 




incorporates a critical analysis of the existing business process in the organization with an intention of finding 
areas that can result in significant improvement if they are redesigned. Business processes are a set of activities 
that take any type of input and create an output of greater value for a customer. BPR facilitates the way work is 
being executed in organizations during the creation of value added products or services from specific inputs. 
Over the course of time these processes need to be reviewed to see if they still deliver better results that will 
make the organization more competitive in the global market. Business Process Reengineering (BPR) supports 
improvement initiatives in manufacturing companies through the use of Information Technology (IT) to 
increase process efficiency, improve customer service, cost reduction, and enables essential information sharing 
amongst organizational divisions. This also reduces unnecessary duplication of old process systems by 
leveraging new efficient technologies as enablers of significant improvement needed by manufacturing 
companies globally (Bhaskar, 2017). 
2.3  Types of maintenance approach adopted in the Manufacturing Industry 
 
Maintenance strategy plays a significant role in determining the success of the manufacturing plants (Mostafa, 
et al., 2015). Since production processes are carried out via a production line that is governed by various 
machinery, sustainability of good production relies on the reliability of the machinery. According to (Francis, 
et al., 2015) “the competitiveness of manufacturing firms depends on the availability, reliability and productivity 
of their production facilities”. The recent literature from different researchers shows that there is a general 
agreement that equipment maintenance reliability is a critical element that determines the ability of the 
manufacturing plant to reach high production efficiency whilst reducing operating expenses (Francis, et al., 
2015). In addition to the mentioned above (Mostafa, et al., 2015) states that “maintenance aims at increasing 
the value of the reliability, safety, availability and quality of a production plant” 
 
(Dilanthi & Deegahawature, 2014) define maintenance as the effort taken to maintain the condition of a machine 
at all times similar to the condition and operation of a machine when it was new, whilst (Salonen, 2017) in his 
PhD thesis describes maintenance as the “Combination of all technical, administrative and managerial actions 
during the life cycle of an item intended to retain it in or restore it to a state in which it can perform the required 
function”. Maintenance activities can be divided into two parts namely the planned maintenance activities and 
unplanned maintenance activities. There are many different maintenance approaches utilized by manufacturing 
plants globally, for example Corrective Maintenance, Preventive Maintenance and Predictive Maintenance. The 
main goal of these maintenance strategy is to maximize operational efficiency of the machinery installed in the 
plant through frequent servicing in order to avoid deterioration of equipment. Figure 5 below shows a diagram 






Figure 5: Different types of Maintenance 
 
2.3.1 Corrective Maintenance 
 
Corrective Maintenance (CM) refers to technical activities executed only after a failure or malfunction has 
occurred with the aim to restore the assets to its normal operation state by replacing specific components or 
recondition the entire machine (Francis, et al., 2015). This is one of reactive maintenance type classified under 
unplanned maintenance category depicted in Figure 6 above. Breakdown maintenance activities are part of 
corrective maintenance where repair is executed post the equipment failure. Corrective Maintenance in the 
manufacturing plant is only executed when an equipment failure or malfunctioning has occurred. Normally 
corrective maintenance does not involve periodical maintenance routines or scheduling periodical inspections 
on equipment in the plant.  
 
 A reactive maintenance approach is followed by corrective maintenance since repair activities are only carried 
out after the equipment has failed. Therefore corrective maintenance is recommended for low priority or non-
critical equipment whose absence will not interrupt or stop production operations in the plant. Corrective 
Maintenance is normally imposed to non-critical equipment that does not require high financial cost to repair 
for example an electric protection fuse that is only replaced once it has blown, and this does not require any 
preventive maintenance to be conducted.  The case would differ for critical equipment as incurred costs due to 
unexpected equipment failure might result to a massive loss in revenue then compared to applying planned 
















equipment that have high risk as this requires routine maintenance to prolong the lifespan of the machinery and 
avoid unforeseen equipment breakdowns.  
 
According to (Francis, et al., 2015) “it is more costly to carry out maintenance on a failed system than to prevent 
the system from failing”. For critical equipment it is advisable to always apply preventive and predictive 
maintenance strategies to keep the condition of the equipment favourable. Relying on corrective maintenance 
can be detrimental to the manufacturing plant as the failure of critical equipment may lead to lowered 
production, accidents and loss of client due to failing to meet customers demand. Therefore, application of 
corrective maintenance as a sole maintenance strategy is not recommended for large production operations 
because of the critical downtimes. Francis further suggests that “corrective maintenance can be beneficial for 
small manufacturing machinery where down times are not critical and repair cost is less than other type of 
maintenance and financial justification for scheduling is not felt” (Francis, et al., 2015). Corrective maintenance 
may include both direct and indirect costs where specific maintenance expertise need to be outsourced due to 
lack of maintenance resource or adequate expertise in-house. 
2.3.2 Preventive Maintenance 
 
Preventive Maintenance was developed and introduced in 1952 as a proactive type of maintenance that initiates 
frequent check-up of the machinery to prevent equipment failure as well as to extend the operating life of the 
equipment. According to (Jain, et al., 2014) “this type of maintenance relies on the estimated probability that 
the equipment will breakdown or experience deterioration in performance in the specified interval”. Preventive 
maintenance activities are implemented to prevent equipment malfunctions beforehand and to monitor 
equipment performance. According to (Salonen, 2017) Preventive Maintenance can be defined as “Maintenance  
carried out at predetermined intervals or according to prescribed criteria and intended to reduce the probability 
of failure or the degradation of the functioning of an item”. PM is any scheduled maintenance designed to 
improve equipment lifespan and avoid unplanned maintenance activities.  
 
Preventive maintenance is conducted periodically irrespective of the condition of the asset. This is done to 
mitigate the risk of equipment malfunctions that may lead to breakdown. Maintenance managers are expected 
to schedule the routine maintenance tasks taking into consideration the lifespan of the equipment. 
Manufacturing companies tend to prioritise preventive maintenance activities on the critical equipment in the 
plant that is likely to result in significant production loss if breakdown occurs. This is done to ensure that all the 
critical equipment is kept in satisfactory operational condition and to minimize unplanned maintenance 
execution as a result of unexpected equipment failure. 
 
Preventive maintenance is recommended for higher capital value assets that may require high budget or 




involves machinery components cleaning, lubrication and replacement of worn components once signs of 
deterioration over a period of time are detected (Francis, et al., 2015). The main goal of this maintenance strategy 
is to lower the equipment failure probability through conducting routine maintenance activities that aim to 
improve and sustain reliability of the equipment installed in the plant. Researchers (Prabhuswamy & Ravikumar, 
2013) suggest that a computer based maintenance system such as Computerized Maintenance Management 
System (CMMS) can help improve the effectiveness of Preventive Maintenance strategy. 
2.3.3 Predictive Maintenance 
 
Predictive Maintenance is a proactive maintenance approach that seeks to predict when failure is likely to occur 
and prevent failure beforehand. This method uses predictive data analysis approach to monitor equipment 
conditions and based on the analysis maintenance personnel are able to identify possible machine failure. 
Predictive maintenance and preventive maintenance are both working on the same principle which is to prevent 
equipment failure. The only difference is that predictive strategy is based on the current condition of the asset 
at a given time rather than on the previously defined statistic (Francis, et al., 2015). This maintenance strategy 
initiate maintenance activity using diagnostic tools that are used to measure physical condition of the equipment 
such as temperature, corrosion and vibration. Current condition and performance of the equipment are used to 
determine the probability of equipment failure.  
 
When undesirable equipment conditions are detected, the equipment is reconditioned before the actual failure 
occurs. By doing this, maintenance personnel can ensure that equipment reliability is sustained. Predictive 
maintenance approach enable proper scheduling of corrective actions and prevents unexpected equipment 
breakdowns that may hinder production operations.  According to (Francis, et al., 2015) “Predictive 
maintenance determines which equipment needs maintenance, maintenance work to be done and the 
maintenance plan to be implemented, thus increasing plant availability”. Implementation of predictive 
maintenance strategy could require high capital investment due to a need to invest in specific condition 
monitoring equipment and training maintenance personnel to be able to use and interpret the collected 
information appropriately.  
 
Predictive maintenance assesses the condition of the machinery by performing continuous condition monitoring 
in order to analyse deterioration trends and recommend relevant maintenance activities to be executed. A 
research paper presented by (Melesse & Ajit, 2012) suggest that “condition based maintenance reduces rate of 
equipment failure, makes maintenance activities to be appropriate and minimizes inventory of spare parts 
because of anticipated maintenance needs”. Machine condition monitoring is one of effective approaches that 
support continuous improvement in the manufacturing plants. This approach includes adoption of condition 
monitoring software tools that collect real time data from all the equipment installed in the plant. Management 




observed performance. However, measurements need to be accurate in order to get a correct performance 
analysis of the production process.  
 
Measuring accurate data is crucial in the condition monitoring as it could be almost impossible to improve 
something that has not been properly measured. The main objective of this approach is to collect as much data 
as possible in order to analyse and improve the production process where necessary. The condition monitoring 
software tools make it easier to interpret a complicated machinery data into less complex data and figures that 
can be easily communicated to the plant personnel to gain insight on the performance of machinery. 
 
Data collection should be at such detailed level that it fulfils its objectives without unnecessarily demanding 
more resources. A more detailed data collection may however result in unmotivated personnel and reaction 
against the measurement. It is important to use reliable systems as data source when taking measurements since 
incorrect data may lead to making wrong choices that may exacerbate the current problems. Since predictive 
maintenance uses data obtained from the diagnosis performed on the equipment it is important to ensure that 
diagnostic techniques used are reliable and the diagnostic tools are periodically serviced. 
2.4  Total Productive Maintenance  
 
Total Productive Maintenance (TPM) is an effective maintenance philosophy used to reduce unexpected 
breakdowns and optimize machinery or equipment utilization of the manufacturing plant. TPM focuses on 
ensuring that the equipment is in the best working conditions to avoid failures and delays in the manufacturing 
processes. According to (Singh & Ahuja, 2015)  TPM initiative has helped the manufacturing companies 
significantly in improving teamwork between the maintenance department and the rest of the manufacturing 
functions, resulting in significant elimination of defects, improved manufacturing process reliability and Overall 
Equipment Effectiveness(OEE) (Hossen, 2016). The reliability assessment of a production line is based on three 
aspects namely availability, performance efficiency and quality rate of output. TPM has been adopted by many 
manufacturing firms globally and the outcomes for TPM strategy implementation are remarkable with regards 
to improved productivity and plant efficiency (Chandran, 2016). 
 
 A study on TPM implementation practice conducted by (Jain, et al., 2014)  proves that “TPM implementation 
improves productivity, working efficiency of employees, equipment effectiveness and a positive inclination 
toward company operations”. The objective of the TPM strategy is to significantly increase production while at 
the same time increasing workers morale. Productivity improvement is mainly depended on the effort and 
decisions made by the management (Singh, et al., 2018). The success of the plant relies on the methods adopted 
in order to improve efficiency while allowing continuous improvement. TPM program implementation supports 
enhancement of OEE through continuous reliability improvement of the machinery installed in the 




maintaining optimal utilization of the equipment in order to reduce losses that may lead to undesirable 
inefficiencies (Aravinthkuma, et al., 2016).  
 
TPM may be regarded as good maintenance that improves equipment performance and productivity. The 
implementation of TPM methodology requires involvement of all employees in the company from the senior 
management to the people that work on the floor (Nusraningrum & Arifin, 2018). However, workers may be 
resistant to changes that come with TPM program due to being comfortable with the traditional approaches. 
This is the main reason why TPM implementation fails in some organization due to the lack of support from the 
plant personnel. The main objective of TPM is to achieve zero product defect, zero unplanned equipment 
breakdown and zero accident, this is all dependent on proper adoption of the TPM strategy. Total Productive 
Maintenance actions would not be beneficial if the degree of equipment failures and reasons are not well 
understood (Singh, et al., 2018).  The TPM strategy is underpinned by eight pillars that determine the success 
of the TPM implementation. 
2.4.1 Eight Pillars of TPM 
 
Total Productive Maintenance gives emphasis on preventative and proactive maintenance in order to optimize 
operational efficiency of the equipment through involvement of the entire plant personnel including operators. 
Involvement of operators during maintenance allows operators to gain more insight on their machinery which 
may contribute in reduction of minor stoppages due to equipment malfunction as they will know what to do 
when a problem occurs. TPM consist of eight pillars that support the objective of improving equipment 
reliability through both preventative and proactive maintenance. These pillars are presented in Figure 6 below.  
 
 





The 5s Process- TPM implementation pillars are supported by 5s as the foundation. The 5s process goal is to 
create a workspace or environment that is well organised and clean. The 5s promotes housekeeping in the 
organization that involves all employees, the process is comprised of five components and those are: 
 
 Sort, the first step, "sorting," simply means separating what is essential from what is not within the 
workplace. This action eliminate unwanted waste and improves productivity in the work area. Having 
a work place that is untidy may affect productivity. For example, having items lying all over the room 
that keeps maintenance spares may prolong the process of finding the right spare when needed during 
breakdown, which may lead to longer production down time. Therefore, by eliminating this, the 
productivity is improved. 
 
 Set in order, the second step, "setting in order" is a principle of storage where every item in the 
workplace is placed in one area and is always kept there except when the item is in use. “Setting in 
order” makes the tools easy to find, simplify the searching process when specific tools are needed. 
Proper ordering of items helps with elimination of waste in the work area such as a long search for 
tools, elimination of items that may create unsafe work area for people working on the plant floor. 
 
 Shine, "shine" step is implemented to keep the workplace clean through removal of all forms of dirt 
such as dust and grease on the machinery. Employees take pride in clean and safer work environment. 
This step helps maintain the good condition of equipment as cleaning may be regarded as part of visual 
inspection since during the cleaning process employees may notice minor equipment faults that were 
unnoticed. For the 5s implementation to be effective, cleaning should be done frequently and be part of 
daily routines. 
 
 Standardize, the fourth step, “standardize", this is where working procedures are compiled with the 
aim to sustain and maintain the 5s practice. Standardization plays an important role to guide and ensure 
the adherence of the implemented procedures by all the employees working in the plant. 
 
 Sustain, the fifth step is "sustain," which promotes getting into the habit of applying the standardized 
5s procedures and ensure that the process is done frequently. Many problems in the workplace can be 
eliminated by following and sustaining all 5s steps presented above. 
 
The 5S approach begins with eliminating any unneeded items in the workspace, followed by organizing the 
remaining items as the second step, and then followed by cleaning the area and creating standards for 
housekeeping. After all the mentioned above activities have been done, the last step is to sustain a well organised 





Autonomous Maintenance- This TPM pillar promotes operators to take full ownership of their equipment 
through execution of routine maintenance such as lubrication, cleaning and daily inspections. This activity helps 
with early detection of faults that may cause equipment failures before breakdown occurs. Autonomous 
maintenance enhances operator’s equipment knowledge by enabling the operator to take care of routine 
maintenance minor tasks in order to free the main maintenance personnel so they can direct their effort towards 
critical maintenance tasks that requires skilled employees (i.e. Engineers and Technicians). In support of the 
statement made above, (Sahib, 2016) states that “If the operators are trained to carry out these basic activities 
that will raise their skill degree, give them additional responsibility for the operation of the tool, increases their 
job prospects and frees up the technicians to work on extra complex activities”.  
 
Focused Improvement- sometimes referred to as “Focused Maintenance” focuses on continuous improvement 
processes that assist manufacturing companies to improve production productivity and product quality by 
pointing out and eliminating non value-added activities. This pillars supports working in groups of multi- 
functional personnel to reduce recurring issues in the plant. From different departments of the organization 
improvement teams are formed with an intent to bring together different expertise to solve the problem at hand. 
A collective effort is made amongst the team to ensure that an improved operational efficiency of the equipment 
is achieved (Ali, 2019). 
 
Planned Maintenance- planned maintenance is part of preventive maintenance that is scheduled based on the 
previously observed failure rate or lifespan of the equipment. This is done to avoid equipment breakdown and 
ensure that unplanned stoppages are minimal during production time. This pillar requires scheduling of critical 
maintenance tasks such as changing gearbox bearings on the day where there is no production taking place. For 
example in some manufacturing plants maintenance shutdown is scheduled weekly for all the critical equipment 
to be serviced. The main objective of the planned maintenance is to keep all the plant equipment at satisfactory 
working condition during operations and minimize unexpected breakdowns. 
 
Quality Maintenance- this pillar aims to improve product quality by making sure that the equipment is able to 
detect and avoid defects in the production process.  Quality Maintenance involves conducting Root Cause 
Analysis (RCA) on specific recurring product defects in the manufacturing plant and initiates improvement 
projects for elimination of the root cause of the defects. This pillar focuses on optimization of Quality Control 
(QC) with projects that are focused on removing sources of defects. Production costs are also reduced through 
quality maintenance as defects are detected early in the process which results in an improved production yield. 
 
Education and training- The main objective of this pillar is to fill or close the information gaps between 
maintenance personnel, managers and operators needed to achieve the objectives of Total Productive 




maintenance techniques that may be useful in the plant. The operators also need to receive effective training 
that will enable them to identify possible equipment failures beforehand. According to (Sahib, 2016) “through 
training, operators’ skill levels are raised to the point where they are able to carry out basic maintenance 
activities that were previously done by the maintenance team”. TPM Training is also essential for senior 
management as this will enable the management to make informed decision and understand the benefits of 
implementing TPM methodology. 
 
Safety, Health and Environment (SHE) - This pillar plays a crucial role in ensuring that the work environment 
is safe and healthy for employees to work on. SHE involves implementation of working procedures that are 
aimed at guiding employees to follow safety working practices such as wearing Personnel Protective Equipment 
(PPE) when working in the plant.  These procedure need to be adhered to all the time as defying them may 
result in written warning or even dismissal. This pillar promotes elimination of potential safety and health risks, 
it also supports the creation of the accident free working environment. Normally a SHE representative is 
appointed in every manufacturing plants to ensure that safety standards and procedures are adhered to by 
employees all the time. In addition to the mentioned above, SHE representative need to ensure that organizations 
comply with the standards and environmental management requirements. 
 
Office TPM- Office TPM plays a major role in making production supporting departments to understand and 
apply lean manufacturing principles in their daily operations that contribute to the value added processes. 
According to Bhoyar in his paper “Office TPM helps to extends TPM benefits beyond the plant floor by 
addressing waste in administrative functions” (Bhoyar, et al., 2017). TPM also helps the organisation by 
eliminating losses in various administrative systems within the company. Office TPM supports improvement of 
the manufacturing process by ensuring that all other functions that contribute to the value added process are 
efficient. Some of the Office TPM duties include supporting maintenance administration by ensuring that 
maintenance spares and resources are available to execute maintenance tasks timely. 
 
Development Management- this pillar supports development of new equipment by utilizing the knowledge 
gained from the experience attained by maintenance personnel during their interaction with the specific 
equipment. Through involving experienced maintenance personnel during development of specific equipment, 
this can help improve operational efficiency due to their contribution in identifying non value adding 
functionalities that may not be necessary. This TPM pillar involves reviewing of the current equipment design 
(i.e. ergonomics) and their maintainability to see if they can be redesigned in order to improve their operational 
efficiency. The initiative of developing new systems using the experience gained from the common failures of 
the existing systems is also supported by this TPM pillar (Sahib, 2016). Development Management utilizes 





2.4.2 TPM Introduction Phases in the organization 
 
Total Productive Maintenance introduction in an organization could be sectioned into four phases detailed as 
follows: 
Phase1: Preparatory   
Preparatory phase is the initial phase that consist of 5 steps executed by the management of the organization. 
These steps are illustrated below: 
1st step - Official announcement made by the management to all organizational departments about the 
organization’s intention of TPM implementation. 
2nd step - Organizational TPM education and awareness resume. 
3rd step - Formation of TPM committees amongst organizational departments. 
4th step - Establishment of TPM targets and work plan. 
5th step - Formation of the integrated TPM master plan for the organization. 
 
Phase 2: Establishment of the TPM master plan 
In this phase an integrated organizational TPM master plan is established to all the plants and sections of the 
organization. 
 
Phase 3: Implementation of TPM 
In this phase elected TPM committees drive and ensure the proper implementation of the TPM strategy within 
the organization. 
 
Phase 4: Institutionalize and sustain TPM strategy 
This phase is driven by all employees led by TPM committees in the organization to ensure continuous 
improvement of sustainable TPM practices. 
2.4.3 TPM Implementation Barriers in Organizations 
 
The most common implementation barriers of the Total Productive Maintenance strategy in different 
organizations includes the following: 
 Lack of collaboration between maintenance and production teams 
 Insufficient Training resources 
 Low skilled labour 





2.5  Production Key Performance Indicators (KPI) 
2.5.1 Overall Equipment Effectiveness 
 
Overall Equipment Effectiveness (OEE) is a Key Performance Indicator (KPI) of the production line efficiency. 
This concept was first introduced by Nakajima in 1988 as an effective tool to assess the efficiency of a 
production line as part of his proposed total productive maintenance (TPM) philosophy (Singh, et al., 2018) . 
In the recent years OEE has become an accepted management tool to measure and evaluate floor productivity 
(Zineb, et al., 2017). According to the findings of the research conducted by (Nallusamy, et al., 2018) on 
implementation of Total Productive Maintenance in order to enhance the Overall Equipment Efficiency in 
medium scale industries, it was found that the OEE score of the plant improved by 13% after addressing 
equipment related losses. The OEE approach comprises of three measuring metrics which are: Availability, 
Performance, and Quality.  
 
The productivity of a production line is measured based on its availability, performance efficiency and quality 
rate of the production output (Mahmood, et al., 2015). According to the research carried by (Sisodiya, et al., 
2014), the initiative of improving OEE can result in reduction of bottleneck operations in the production process 
to a certain degree. A study conducted by (Desai, et al., 2017) on reviewing the goals and advantage of 
implementing Total Productive Maintenance suggests that “OEE measurements enable proactive decisions 
based on throughput, efficiency, effectiveness and process bottleneck constraint reasoning” In order to increase 
the OEE score of the production line, the plant’s personnel need to minimize production losses that may 
sabotage the performance of the plant, which are: Equipment failure, setup and adjustment, idling and minor 
stoppages, reduced speed, defect in process and reduced yield.  
 
OEE is an effective tool that is used as a metric to measure the operational efficiency of the production line and 
continuously eliminate losses that affect production processes with the support of Total Productive Maintenance 
implementation. The benefits of having high OEE include the potential to improve production line performance, 
customer satisfaction, cash flow and lead times (Susilawati, et al., 2019).The main goal of OEE is to optimize 
the production process of the plant by assessing the performance of the machinery and identify areas of 
improvement where necessary (Pandey, et al., 2019). The emphasis is on three factors namely Availability, 
Performance and Quality. OEE integrates practical management tools and techniques in order to achieve a 
balanced view of process availability, performance rate and quality and could also provide useful information 
for decision making with regards to investing on the new plant equipment.  
 
Globally, the recommended world class OEE score for manufacturer is 85% (Ramachandra, et al., 2016). The 
world class OEE is the standard used to compare the performance of manufacturing firms globally. These world 




Table 1: World Class OEE Scores 
OEE factors OEE World 
Class Scores 





OEE factors (Availability, Performance and Quality) have losses related to each based on the production line 
activities. Table2 below presents OEE factors with their related losses. 
 
Table 2:  Link between OEE Performance factors and losses 
Performance Factors Related losses 
Availability rate Breakdowns/Equipment failure 
Setup and adjustment 
Performance efficiency Idling and minor stoppages 
Reduced speed 
Quality rate Defect and rework losses 
Start-up losses 
 





∗ 100%......................................................equation 1. 
 
Actual operating time is the time where the production line runs continuously without any unplanned stoppages. 
The planned operating time is the total available production time without any planned stoppages. Planned 
downtime is not included in the calculation of the availability rate, therefore only unplanned events are 
considered. 
 
Performance rate - Performance rate is the measure of how well the machinery that is controlling a 
production process can produce the desired outputs. This includes measuring the operating speed of the 
equipment against the design speed of the equipment. For example, having an AC motor that is designed to 
operate at 1300rpm but due to poor maintenance or some components being worn out the AC motor operates at 






𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
∗ 100%.....................................................equation 2. 
 
Quality rate – Quality rate can be defined as the measure of all defect free products produced over the total 
produced products during the actual operating time. The quality factor is defined as the degree at which products 
characteristics agree with the requirements specified for the specific products. Normally manufacturing 
companies are guided by quality standards that specify tolerances that the produced products should adhere to. 
If the produced products are not within the specified tolerance, then those products are declared as defective 




𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
∗ 100%..................................................................equation 3. 
 
OEE is the function of the three factors namely Availability, Performance and Quality (Chikwendu & Chima, 
2018). The equation for OEE calculation is presented below as: 
 
𝑂𝐸𝐸 = 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 × 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 × 𝑄𝑢𝑎𝑙𝑖𝑡𝑦……………………………………………..equation 4. 
2.5.2 Common Production Losses  
 
This section aims to illustrate the common losses that affect the Overall Equipment Effectiveness score which 
contribute to the overall production efficiency of the manufacturing plants. Figure7 below shows the connection 
between losses and the production KPIs. From the diagram presented by Figure 7, Availability factor of OEE 
is linked to Maintenance effectiveness. Performance factor is linked to Production effectiveness which can be 
referred to as Production throughput. Furthermore, Quality factor is linked to Quality effectiveness which may 
be regarded as production yield based on all defect free products manufactured. 
 
 





Equipment failure/Breakdown losses- Breakdowns due to equipment failure are defined as events where the 
production process cease as a result of the unplanned stoppage such as an equipment breakdown during planed 
operating time. Breakdown is one of the losses that form part of OEE under a category of Availability.  
Equipment breakdown refers to any critical period during which equipment is scheduled for production but not 
operating due to a failure of some kind. A general way to think of equipment breakdown is when the machine 
is inoperative due to a breakdown or failure of its components. 
 
Setup and adjustment losses- set up and adjustment losses occur when production process is stopped due to 
product change over. For example in the steel rolling plant a set up and adjustment losses normally occur when 
there is a production change over from products of  smaller size to products of bigger size where parameter 
adjustments need to be made. Set up and adjustment losses can be referred to as planned stops. These losses fall 
under Availability aspect of OEE. 
 
Idling and Minor Stoppage Losses-  also referred to as “small stops”, Idling losses occur when the machine 
is running without having any part to process or when the gap period between parts that are being processed is 
longer than the design gap period. Minor Stoppage losses occur when production stops due to trivial machine 
faults that cause a temporary malfunction. Idling and minor stoppage losses fall under the performance category 
of OEE. 
 
Reduced Speed Losses- Reduced speed losses are losses that occur during planned production time when the 
actual running speed of the machine is set lower than the design speed of the equipment. There could be many 
reasons for speed reduction in the production process, for example poor lubrication of the equipment or worn 
components of the machine may affect the process and make the machinery run slower. Reduced speed losses 
are categorised under Performance factor of OEE.  
 
Quality Defect and Rework Losses- These losses are part of production process defects where defective 
products are produced during the actual production time. Production rejects refer to all the produced parts that 
do not meet set quality standards including those that can be reworked. These are losses caused by 
malfunctioning of the equipment. Process defects may also be caused by an operator error that may result in 
equipment malfunctioning due to incorrect settings. Defect and rework losses fall under quality factor of OEE 
 
Reduced yield / Start-up Losses- sometimes referred to as “Reduced yield”, these are start-up losses that 
occur during the start-up period of the production process as a result of incorrect setting on the equipment. For 
example in the steel rolling mill a first billets that goes through is used as the testing billet to check if the 




conformity in terms of the size and shape before the actual production of the products begins. Reduced yield is 
the function of quality factor under OEE methodology. 
2.6  Summary 
 
This chapter presents a literature on various concepts of manufacturing and improvement methodologies that 
are adopted by manufacturing companies in order to improve their production efficiency and stay competitive 
in the global market. Amongst presented methodologies include Lean production, Six Sigma, Total Quality 
Management (TQM), Total Productive Maintenance (TPM) and Overall Equipment Effectiveness (OEE). The 
common goals of these improvement methods are reduced inventories, lead time, waste and improved 
production quality. The importance of these improvement methodologies in the manufacturing industry is also 
illustrated.  A literature on different types of maintenance philosophies adopted by manufacturing plants is 
presented with the aim of demonstrating maintenance contribution to the overall production efficiency of the 

























3. RESEARCH METHODOLOGY 
 
Chapter two presents a detailed literature review on different manufacturing concepts that are relevant to this 
particular research.  This chapter aims to present a research methodology followed during this research.   
3.1 Research method Overview 
 
From the work conducted by different researchers in the manufacturing industry, a quantitative research 
approach is the most common method. In 2017 (Mbambala, 2017) used a quantitative approach with a case 
study to conduct an operational comparative study with the aim to identify gaps between two steel plants in 
terms of World Class Manufacturing best practices implementation.  Quantitative research gathers data in a 
numerical form with specific units of measurement. This type of data is used for analysis to construct 
meaningful tables and graphs that can be easily interpreted. A research conducted by (Susilawati, et al., 2019) 
followed a similar approach to develop a framework to improve equipment effectiveness of manufacturing 
process using a case study of a pressing station of crude palm oil production in Indonesia.  
 
This research follows a similar quantitative research approach adopted by other researchers. A quantitative case 
study of a steel rolling mill in Newcastle is used to investigate factors that affect production efficiency of the 
production line and ways in which the production efficiency of the production line can be improved. Due to the 
permission letter not being issued by the manufacturing company to use the Company’s name, the company is 
referred to as Company X.  The chosen plant where data is collected belongs to Company X which is a largest 
steel manufacturing company in the African continent (WorldSteel, 2018). 
 
The steel rolling plant consist of five zones that form the complete production line, the rolling process begins 
with the steel blooms or big billets being injected in the furnace. These billets are heated in the furnace up to a 
certain maximum temperature in degrees Celsius before being processed to the rolling stands where the size 
reduction takes place in order to manufacture the desired steel products of smaller sizes needed by the customer. 
Some of the products manufactured by the plant include rod wire for bolts manufacturing and reinforcement 
steel used in the construction sector.  
3.2  Research Design 
 
The research design is a framework followed throughout the study in order to answer research questions. The 
research design illustrates the specific methods which the researcher has undertaken throughout the research in 
order to get the research outcome. More specifically, it comprises the research methodology applied, the 




by analysing a secondary data for all the production stoppages incurred by the production line. The research 
design framework followed is shown in Figure 8 below. 
 
 
Figure 8: Research Design Framework 
3.2.1 Research approach 
 
For the purpose of this research a quantitative research approach is adopted. The chosen approach is informed 
by (Zineb, et al., 2017) that uses the same approach to investigate and analyse machine failure, imbalanced posts 
and non-conforming products in order to improve efficiency of a production line by using Overall Equipment 
Effectiveness (OEE). This approach is also used by (Sutoni, et al., 2019) to analyse the total production time 
lost due to six major losses suffered by lathe machines (Sutoni, et al., 2019). Plant KPIs are reviewed on a yearly 
basis. The most recent available KPI data is 2019 data, for the purpose of this study data collection duration is 
for a period of 12months starting from January 2019 to December 2019. Production losses report is analysed 
using Microsoft excel sheet to identify the common equipment failures that lead to production down time. The 
study uses a secondary data extracted from the production stoppages report recorded during production 
operation. A detailed report of 2019 production stoppages from January to December is retrieved from the data 
archive of the company. The following steps shown in Figure 9 guide the direction of the research. 
 
 
Figure 9 : Research Approach 
Quantitative Research
Survery Experiment Secondary data
Retrieve data from a data repository 
Data Processing
Data Analysis




Microsoft excel data analytic tools such as pivot tables were used to filter data in order to gain clear insights on 
the production stoppages. From the pivot tables graphs were populated based on the filtered data for the purpose 
of this research. The chosen source of data indicates the true reflection of the production line performace as the 
production stoppages are recorded the on the archive as they take place without any delays. Data is the reliable 
one based on the fact that this data is verified by production management in every pre shift meeting before the 
new shift takes over. 
3.2.2 Data Collection and Analysis 
 
All production delays that occur during production time are recorded on the data capture system. These delays 
are used by the management to measure the performance of the production line based on daily targets set for 
the plant. KPI reports are also analysed to gain more insight on the performance of the plant. From the daily 
reports one can see how the previous shift performed and which equipment failures were experienced. 
Recommendations with action plans are developed based on the findings obtained from the analysis of occurred 
production delays. Four KPIs presented on the literature review are tracked namely: 
 Availability rate 
 Performance rate 
 Quality rate 
 OEE  
The boundaries of this research are limited to Company X steel rolling plant located in Newcastle Kwa-Zulu 
Natal Province. Production KPIs are reviewed yearly (i.e. 12 months period) in the plant, for this reason the 
research data collection period is 12 months focusing on the recent 2019 production delays report. The analysis 
focuses on production stoppages and KPIs in order to identify areas for improvement. 
 
This research seeks to review and calculate the mentioned above KPIs using data obtained from the production 
plant. Based on the literature presented on chapter 2 and calculated KPIs, recommendations on how to improve 
the calculated KPIs through adoption of various improvement methodologies outlined in the previous chapter 
are proposed. For example, Lean manufacturing methodologies seeks to improve quality while maintenance 
strategies seek to improve plant availability. All the above mentioned KPIs contribute towards the overall 
production efficiency of the plant. 
3.3  Summary 
 
This chapter presents a research methodology that is followed during the study in order to answer research 
questions posed on chapter one. A research design with the research approach undertaken is also presented and 
shows methods followed during data collection and analysis. The following chapter presents detailed analysis 




4. RESULTS ANALYSIS AND DISCUSSION 
 
The previous chapter presents a detailed research methodology illustrating research design, research approach 
and adopted data collection methods. This chapter aims to analyse the results of this research and discussions 
with an intent to demonstrate an alignment between the production line KPIs (i.e. Availability, Performance, 
Quality and OEE) and applications of the reviewed literature on chapter two in order to improve production 
efficiency of the production line. 
4.1  A Case Study 
 
A case study of a steel rolling plant of company X in Newcastle located in Kwa-Zulu Natal (KZN) province is 
used to explore and examine the production efficiency of the steel rolling production line. The chosen plant 
manufactures different sizes of steel products (i.e. steel rod and wire). The production line is sectioned into five 
sections as depicted in Figure 10 below.  The production process begins with steel blooms (i.e. also referred to 
as big billets) being injected into the furnace for reheating process. These billets are reheated in the furnace up 
to a maximum temperature of 1200 degrees Celsius before being processed to the Roughing Mill stands for the 
steel size reduction.  
 
Roughing Mill consists of 15 rolling stands that receive the hot steel from the furnace and reduces the billet size 
by 50%. The steel is further processed in the Reducing Mill which consists of 10 rolling stands where final 
reduction takes place in order to manufacture a desired steel size as per the customer requirements such as rod 
wire and reinforcement steel used in the construction sector. After the final reduction, steel product is handed 
over to the Cooling Mill in order to cool the steel down before being sent to the Dispatch Area where finished 
products are stored. Figure 10 below demonstrate the above explained process. 
 
 
Figure 10 : Production Plant Layout 
 
The analysis of the research results are based on the production stoppages that occurred on the production line 
in 2019. Production KPIs are reviewed yearly, in this case 2019 data is the most recent data that is analysed in 
















4.2  Production KPIs Calculation and Analysis 
 
Data collection period of this research is kept at twelve months period, starting from January 2019 up to 
December 2019. This period is found to have the most recent data that is analysed in this research as production 
KPIs of the chosen plant are reviewed on yearly basis.  The following equations which were previously 









𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛





𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
∗ 100%...................................................................equation 3. 
 
𝑂𝐸𝐸 = 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 × 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 × 𝑄𝑢𝑎𝑙𝑖𝑡𝑦……………………………………..….equation 4. 
 
The summary of calculated KPIs of the production line from January 2019 to December 2019 is shown in Table2 
below. The presented data gives a detailed overview of the performance of the production line over the period 
of twelve months in terms of the mentioned above KPIs (i.e. Availability, Performance, Quality and OEE).  
KPIs are initially calculated monthly as shown on the Table, subsequently the Year to Date (YTD) figures are 
presented on the last row of the Table. These figures present the performance result of the 2019 reviewed Key 
Performance Indicators.  
 
Table 3: Rolling Mill Production KPI Figures of 2019 












































































































February 58 486 24353 96,19 90,71 41,64 36,33 
March 58 486 50771 95,81 93,55 86,81 77,81 
April 58 486 53656 96,34 92,76 91,74 81,98 
May 58 486 60221 96,48 94,70 102,97 94,08 
June 58 486 55680 96,32 92,22 95,20 84,56 
July 58 486 57283 95,90 92,54 97,94 86,92 
August 58 486 60362 96,47 93,96 103,21 93,55 
September 58 486 51278 96,54 92,98 87,68 78,70 
October 58 486 49508 96,09 91,73 84,65 74,61 
November 58 486 44059 95,38 92,23 75,33 66,27 
December 58 486 34194 95,03 89,07 58,47 49,49 
Year To 
Date(YTD) 
701832 594950 96,10 92,29 84,77 75,41 
 
4.2.1 Maintenance Availability Rate 
 
In order to support production processes, Maintenance plays a significant role in ensuring that equipment and 
machinery is reliable and up to date to support production operations. This KPI focuses on examination of the 
production line downtime due to equipment failure which may be due to worn components or deterioration. The 
production line consists of critical equipment that need to be always on good working condition and reliable to 
enable satisfactory performance of the production line. Improved equipment availability results to production 
of products with good quality for customer’s satisfaction. Figure 11 below shows the trends of Availability rate 







Figure 11:  Production Line Availability rate over Months (2019) 
 
From the graph displayed in Figure 11 above, availability rate over a period of 12 months is calculated. The 
results indicate that the production line availability varies within the range of 89% to 95%.  According to 
(Sowmya & Chetan, 2016), the recommended World Class Manufacturing (WCM) Availability rate is 90%. 
The results indicate that Availability rate value for December 2019 is found to be 89, 07% which is below the 
WCM value. This is due to the variety of various steel profiles that required constant adjustment of the 
production line machinery. This led to the actual operating time of the production line being reduced due to the 
adjustment stoppages.  
 
High products variability may lead to increased downtime and reduced actual operating time for the production 
line. The results suggest that products of the same quality or size should be grouped and manufactured as one 
setup in order to minimize change over and adjustment time stoppages. From Table 2 above, the Year to Date 
(YTD) availability rate percentage is found to be 92, 29% which is above the WCM recommended score. This 
value suggests that even though in December the availability rate was below the WCM value, the plant still 
performed fairly.  
4.2.2 Performance Rate 
 
Performance refers to the rate at which products are being manufactured in a given period of time. The speed at 
which production line produces items relative to the estimated targets. This KPI is dependent on the capability 
of the machinery that form a production line to produce desired outputs at a specific rate. Figure 12 below 
displays the trends of production line performance rate over a period of 12 months in 2019. The graph shows 










































due to quality requirements of certain steel products. Idling and minor stoppages also contribute an extensive 
portion to the variation of the performance rate of the production line. This KPI focuses on the overall production 
effectiveness during operations. 
 
 
Figure 12: Production Line Performance Rate over Months (2019) 
 
From Table 2 above, the Year to Date value of performance rate is 84, 77%.  This value is below the 
recommended World Class Performance rate value which is 95% (Sowmya & Chetan, 2016).  Poor performance 
rate may be due to poor maintenance of the machinery that leads to the equipment not being able to operate at 
the desired operation speed. This may be also due to deterioration of the machinery over a period of their 
lifespan. The graph shows that performance rate was 41, 61% in February 2019. This was the period where the 
plant did not have sufficient steel to roll due to the breakdown that occurred in the upstream mill which supplies 
steel to the plant. As a result production line ended up idling due to the shortage of the steel in the plant and the 
mill speed was reduced hence the performance got affected. The graph also shows that in May and August 2019, 
the performance rate overshot to more than 100%. During these months more products were produced with 
minimized breakdowns and stoppages. 
 
4.2.3 Quality Rate  
 
Quality rate refers to defect free items produced over the actual total amount of items produced. This KPI 
focuses of reduction of quality loss due to defects in the process, scrap or incorrect assembly. Figure 13 below 
shows the trends of production quality rate over the period of 12 months in 2019. The presented graph indicates 


































the quality rate lowered to 95, 03%. The Year to Date figure for quality rate is 96.10%. According to (Sowmya 
& Chetan, 2016), the recommended World Class Manufacturing quality rate percentage is 99%. The calculated 
quality rate value suggests that more work need to be done to improve the production line in terms of quality 
production. Quality management control tools play a significant role in improving the quality rate of the 
products during production. Defects in the production process and worn equipment are amongst the contributing 
factors to low quality rate. 
 
 
Figure 13: Production Line Quality Rate over Months (2019) 
 
Improved maintenance of the machinery in the production line can help to keep the equipment on good 
operational condition and enhance the reliability of the production processes. As well as introduction of 
Standard Operating Procedures (SOP) to production personnel to guide the operations and production processes. 
The objective of the Quality rate KPI is to minimize defective products and maximize good output over the total 
production carried over a period of time. Through elimination of the causes of process defects, quality rate of 
the production line can be improved. 
4.2.4 Overall Equipment Effectiveness (OEE) 
 
OEE is the overall production line KPI that combines the three previously mentioned KPIs. This KPI gives an 
indication of the overall performance of the production line in terms of reduced downtime, speed losses and 
quality losses. OEE could be linked to Total Productive Maintenance. OEE is used as the measurement metric 
of the TPM implementation success factor. Figure 14 below presents the calculated values of OEE over a period 



































Figure 14: Production Line OEE over Months (2019) 
 
OEE score gives an indication of how well the maintenance of the production line is carried. Low OEE score 
indicates lack of proper maintenance of the plant and reduced reliability of the equipment installed in the 
production line. This may be due to lack of skilled maintenance personnel, poor equipment service and poor 
decision making by management with regards to plant equipment investment. The graph in Figure 14 shows the 
OEE score in February 2019 to be 36, 33% which is the lowest.  Figure 12 on the previous page indicates that 
the performance rate was also at the lowest in February with 41, 64%.  As a results, the OEE Score also suffered. 
 
Since OEE equation consists of availability rate, performance rate and quality rate, all these KPIs need to be 
high for OEE score to be on the World Class Manufacturing OEE score.  According to (Sowmya & Chetan, 
2016) “Overall Equipment Effectiveness measures the gap between the actual performance and the potential 
performance of a manufacturing unit”. From Table 2, the Year to Date OEE score is 75, 41% which is 10% 
below the recommended World Class Manufacturing OEE score of 85% (Sowmya & Chetan, 2016).  This OEE 
score indicates that production line improvement needs to be initiated. In order to improve OEE score, World 
Class Manufacturing Improvement methodologies presented in chapter two need to be implemented. 
4.3  Production Stoppages Analysis 
 
The production line consist of different equipment (i.e. electrical, instrumentation and mechanical,) that controls 
the production processes during operation of the plant. Production stoppages are any delays that interrupt the 
production process. The main priority of the plant is to minimize downtime and increase production as much as 
































of time. However, in an ideal world there are various production loss factors that make this difficult to achieve, 
those are:  
 Downtime losses due to equipment failure 
 Speed loss due to reduced speed, idling and minor stoppages 
 Quality loss due to process defects, scrap and reduced yield due to rework 
 
Table 4 below shows production stoppages based on three departments (i.e. Electrical, Instrumentation and 
Mechanical). These stoppages were captured in 2019 during operation hours for every delay that occurred. A 
raw data is provided on the appendix at the end of this document. 
 
Table 4: Production Stoppages based on departments 
Department Sum of  Duration 
(Hrs.) 
Percentage (%) 
Electrical 98,29 24% 
Instrumentation 18,13 4% 
Mechanical 299,88 72% 
Grand Total 416,30 100% 
 
Figure 15 below shows a representation of the percentage each department contributes to the overall stoppages 
occurred in 2019. 
 
Figure 15: Production Stoppages based on departments  
 
From Figure15 above, mechanical stoppages contributes 72% to the overall stoppages while electrical stoppages 
contributes 24%. Instrumentation stoppages contributes 4% which is the smallest amongst three departments. 
These results indicate that most of stoppages that occur in the production line are due to mechanical related 














The analysis show that the main contributors to high mechanical stoppages are as follows:  
 Rolling stands Gearbox failure 
 Rolling stands Gearbox over temperature 
 Bearings seized 
Table 4 below shows the mechanical stoppages duration experienced in specific areas of the production line. 
 
Table 5: Mechanical Stoppages 
Area Description Sum of  Duration (Hrs.) 
Coil handling 49,91 
Reducing mill 41,63 
NTM 3 30,14 
NTM 4 26,27 
Roughing mill 19,37 
Ashlow Conveyor Strand 3 12,05 
Furnace 11,98 
E Lubrication system 9,98 
Laying Heads 9,87 
RM 3 9,49 
Pinch rolls 9,37 
Mill hydraulic system 9,27 
Reform Tubs Strand 3 8,52 
RM 4 8,29 
Ashlow Conveyor Strand 4 8,04 
Reform Tubs Strand 4 7,37 
Shears Strand 4 4,87 
Water boxes 4,84 
Shears Strand 3 4,39 
Mill Water Supply 3,33 
F Lubrication system 3,10 
A-Lubrication System 1,50 
Ashlow Guide Lub System 1,41 
Hydraulic Bolt Cutter 1,13 




Hydraulic Bolt Cutter P4 1.00 
B-Lubrication System 0,83 
Overhead Cranes 0,25 
Cooling Fans Strand 3 0,25 
C-Lubrication System 0,13 
D Lubrication system 0,13 
Grand Total 299,88 
  
Figure 16 below shows the graphical representation of the mechanical stoppages experienced by the production 
line. 
 
Figure 16: Mechanical Stoppages  
 
The graph above indicates that most production time is lost due to coil handling followed by NTM and Roughing 
mill. These areas are driven by gearboxes which experienced the longest downtime during breakdown than any 
other component installed in the production line. 
 
Electrical Stoppages 
The analysis show that the main contributors to electrical stoppages are as follows: 
 Motor Drives tripping 
































































































































































































































































































































 Limit switches faulty 
Table 5 below shows the Electrical stoppages duration experienced in specific areas of the production line. 
 
Table 6: Electrical Stoppages 
Area Description Sum of  Duration (Hrs.) 
Coil handling 37,67 
Roughing mill 17,72 
Finishing Mill 14,42 
Reform Tubs Strand 4 6,03 
Furnace Area 5,80 
Intermediate stands 2,70 
Mill hydraulic system 2,38 
Reform Tubs Strand 3 2,06 
Shears Strand 3 1,99 
Cooling fans 3 1,91 
Ashlow Conveyor Strand 3 1,88 
Cooling fans 4 1,34 
Shears Strand 4 1.00 
Ashlow Conveyor Strand 4 0,42 
Pinch rolls 0,25 
Overhead Cranes 0,22 
Hydraulic Bolt Cutter P4 0,21 
Water boxes 0,18 
A-Lubrication System 0,12 
Grand Total 98,29 
 





Figure 17: Electrical Stoppages  
 
The results shown on the table indicates that major stoppages were accumulated under coil handling which has 
37, 67 hours downtime over a period of 12months, followed by Roughing Mill which incurred 17, 7 hours. 
Finishing mill also incurred a significant amount of stoppages with 14, 4 hours of downtime. The coil handling 
system consist of electric motors working with gearboxes to drive rolling stands in the production line. Table 5 
and Table 6 show that a significant amount of operating time was lost due to coil handling. This reflect from 
both electrical and mechanical, where  Table 4 above indicates that the production line incurred 49,9 Hours 
downtime due to coil handling stoppages based on mechanical issues. The results on Table 6 indicates that 37, 
7 hours were lost due electrical related coil handling stoppages.  
 
Instrumentation stoppages 
The analysis for instrumentation related stoppages indicates that most of the delays occurs in the furnace and 
cooling water boxes due to faulty valves. Table 7 below shows the Instrumentation stoppages duration 
experienced in specific areas of the production line. 
 
Table 7: Instrumentation Stoppages 
Area Description Sum of  Duration (Hrs.) 
Furnace Area 7,46 
Cooling Water boxes 4,76 
Mill general 4,53 
Ashlow Conveyor Strand 3 0,80 
Roughing mill 0,58 




















Figure 18 below shows the graphical representation of the instrumentation stoppages occurred in the production 
line. 
 
Figure 18: Instrumentation Stoppages 
 
Reheating Furnace area incurred the longest downtime of 7, 46 hours over a period of 12 months in 2019, 
followed by Water Boxes that incurred 4, 76 hours. Even though there were instrumentation related issues in 
the plant, however these contributed a small portion to the overall production line stoppages as shown by the 
pie chart presented on Figure 15 above that instrumentation contributed only 4%. Instrumentation department 
works together with electrical department in the plant.  
4.4  Results discussion 
 
The results presented illustrates the performance characteristics of the production line in 2019. This discussion 
elaborates on the findings of the previously presented results. Collected data shows that the production line 
performance is below the recommended World Class scores in terms of Performance rate, Quality rate and OEE 
score. Production line Availability rate is within an acceptable value. These KPIs are used as measuring metrics 
that measure the production efficiency of the production line. Data analysis is based on production delays that 
occurred during operating hours where production is scheduled to take place. The purpose of this analysis is to 
identify production line sources of inefficiencies in the production process and propose improvement initiatives.  
 
Based on the available data, production stoppages are the main source of plant inefficiencies. Collected data 
shows that amongst three departments of the plant, the amount of mechanical related stoppages is significant. 
Production line assembly is made up of mechanical components that convert electrical energy into the actual 
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electrical related issues. Electrical systems are used to control and drive production operations through a 
production line. These systems consist of sensors, motors, speed drives etc. Instrumentation related stoppages 
are minimal since this department only deals with cooling water boxes and valves in this plant. Hence 
instrumentation contributes only 4% to the overall delays. 
 
The results show that the overall availability rate value is within an acceptable score of 92, 3%. This value is 
above the recommended WCM availability rate score which is 90%. Even though this value is high, equipment 
failures and components breakdown are still present in some sections of the production line. Amongst identified 
areas with these high stoppages includes, Reducing Mill and Coil handing. Most of mechanical issues detected 
are linked to gearbox issues (i.e. bearings lubrication and over temperature). Coil handling stoppages cost the 
production line significant amount of downtime hours in 2019 resulting to 87, 6 hours of production time lost 
from both Electrical and Mechanical departments. 
 
Performance rate of the production line is found to be 84, 8% which is below the WCM score of 95% 
performance rate.  This is due to reduced speed and idling time during operating hours. Mill speed may be 
reduced due to shortage of steel in the production line. Figure 12 shows that performance rate fluctuates highly. 
Performance rate varies based on the product size that is being manufactured. Different steel profiles of different 
sizes are manufactured unevenly by the production line, hence the performance rate varies. The analysis indicate 
that the Quality rate is 96, 10% which is below the WCM recommended rate of 99%.  According WCM rate, a 
production line should only have 1% process defects. OEE factor includes availability, performance and quality. 
The overall OEE score for the production line is found to be 75, 4%. The WCM recommended OEE score is 
85%. Presented results indicate that improvement initiatives are needed in order to enhance production 
efficiency of the plant. 
4.5  Propositions to Improve Production KPIs 
 
Based on the result analysis and discussion presented on the previous section, this part of the dissertation aims 
to present suggested recommendations and actions to improve the previously calculated production Key 
Performance Indicators. These recommendations are targeted at improving the overall production efficiency 
while reducing production downtime that is caused by production stoppages. The main objective of these 
recommendations is to have the following: 
 Zero equipment breakdowns as a result of improved equipment availability rate 
 Zero process defects as a result of improved quality rate 




4.5.1 Availability rate 
 
Low availability rate is the result of unplanned downtime due to equipment failures and breakdowns. Lost 
production time due to equipment Set- up and adjustment losses also contribute toward low availability rate. In 
order to increase the production line availability rate based on the result analysis presented above, the following 
actions are recommended: 
 
 Proactive Maintenance 
In order to minimize equipment failure and breakdown losses maintenance needs to be enhanced. Even though 
corrective maintenance is executed after the equipment failure, proactive maintenance approach is vital to 
prevent equipment breakdowns beforehand. Preventive maintenance and Predictive maintenance strategies are 
needed in order to enhance production line equipment reliability. Condition monitoring tools need to be installed 
to support proactive maintenance implementation plan. 
 
 Training and Development 
Operators and production personnel working of the production line should be trained to be able to do 
autonomous machine maintenance. This would help reduce minor stoppages that could have been avoided by 
operators during operation.  Operators need to be trained to be able to do inspection on the machinery frequently 
and be able to notice small problems that may result in major breakdowns. By so doing, many major potential 
equipment failures may be detected and fixed beforehand. Maintenance personnel also need to undergo training 
to improve their skills and competency on maintenance tasks execution.  
4.5.2 Performance rate 
 
Reduced performance rate is the result of reduced speed, idling and minor stoppages. Minor stoppages refer to 
interruption of production due to temporal machinery malfunctions that could be quickly fixed within a short 
period of time.  For example, such minor stoppages may be calibration of scanners or changing of damaged 
photo eye in the production line. Even though these are considered as minor stoppages but their impact on 
production line performance is significant. In order to increase the production line performance rate based on 
the result analysis presented above, the following actions are recommended: 
 
 Training and Development 
Maintenance personnel need to be trained on regular intervals. Training maintenance personnel to be able to 
perform minor maintenance tasks swiftly such as changing of photo eyes and scanners adjustment is vital. The 
literature proves that when maintenance staff is trained adequately to perform fault finding and rectify the 
problems at hand quickly, most of encountered minor stoppages are minimized in the plant. All artisans and 





 Introduction of working Procedures 
Detailed Standard Operating Procedures (SOP) need to be implemented for all plant operators to adhere to 
during operation. Having standard procedures put in place helps guide the operators as to when to run at a 
reduced speed during production hours. This will help standardize the working procedure amongst all plant 
operators hence eliminating variation of performance rate among different shifts. 
 
 Autonomous Maintenance 
Autonomous maintenance promotes operators to take full ownership of the equipment through execution of 
minor routine maintenance tasks such as lubrication, cleaning and daily inspections. This helps with early 
detection of faults that could cause equipment failure. Through autonomous maintenance equipment is kept on 
good working condition hence the production line performance may be improved. 
4.5.3 Quality rate 
 
World Class Manufacturing has set a high quality standard for manufacturing firms globally, with a 
recommended product quality rate of 99%. In order to increase the production line quality rate based on the 
result analysis presented above, the following actions are recommended: 
 
 Implementation of Six Sigma philosophy 
Six Sigma improvement methodology needs to be implemented by the plant management in order to eliminate 
causes of product defects and improve product quality rate. Six Sigma drives a customer focused continuous 
improvements strategy through a designed 5 step model called Define-Measure-Analyse-Improve-Control 
(DMAIC) approach as explained by the literature in chapter two. DMAIC approach should be adopted by 
production personnel to find the root causes of process defect in the production line. Plant management should 
form a multidisciplinary team of employees to facilitate and ensure success of Six Sigma implementation. 
 
 Implementation of Total Quality Management 
Implementation of TQM is recommended as one of the quality focused improvement methodologies.  A team 
multidisciplinary team should be appointed by the plant management to facilitate proper implementation of this 
approach as explained in chapter two.  The appointed team need to follow the Plan-Do-Check-Act (PDCA) 
cycle approach in order to identify process inefficiencies and improve customer satisfaction.  
4.5.4 Overall Equipment Effectiveness 
 
Overall Equipment Effectiveness consist of all the mentioned above factors (i.e. Availability, Performance and 




plant. Implementation of Total Productive Maintenance is recommended to improve the OEE score of the 
production line that is currently at 75, 4%.  All the eight pillars of TPM presented in the literature need to be 
implemented. The literature reveals that with a proper implementation of TPM, the production line efficiency 
is most likely to improve.  
  
A study conducted by (Jain, et al., 2014)  on TPM implementation practice proves that “TPM implementation 
improves productivity, working efficiency of employees, equipment effectiveness and a positive inclination 
toward company operations”. Plant management should be responsible for the success of TPM implementation 
and ensure involvement of all employees to work toward the common goal of improving the efficiency of the 
production line. 
4.6  Recommendations for Productivity and Production Efficiency Improvement 
 
This section aims to present researcher’s recommendations to the plant management in order to improve 
productivity and production efficiency of the production line. Based on the data analysis conducted in this 
research, the following five ways to improve productivity and production efficiency are recommended: 
 
 Review Existing Production Workflow 
Efficiency and productivity in the production line depends on a combination of efficient equipment, people and 
production processes. The first step is to analyze all the possible sources of inefficiencies in the plant. These 
might be employees, processes and machinery. By so doing the management would be able to identify areas for 
improvement while continuously monitoring production processes. 
 
 Invest In Employees Training and Development  
An increased global competition has created significant changes in the competitive manufacturing sector. New 
technology are being introduced at a higher pace than ever before. Most of these new technologies require 
employees’ skill advancement. As a result, it is crucial that manufacturing plants invest more in the up skilling 
and development of all the employees working in the plant. Training should be an ongoing process in the plant 
as low skilled new employees usually take time to be proficient. The company should also consider offering 
educational opportunities for those employees who wish to study and gain new skills. 
 
 Invest In Planned Maintenance 
Maintenance plays a critical role in the success of the manufacturing plant. Production line performance depends 
on the operational condition of the equipment. The costs of downtime due to planned maintenance are always 
less than the cost of downtime due to unforeseen equipment breakdown that results to production time loss. 




on good working condition. This will ensure that the life span of the equipment installed in the plant is prolonged 
and unexpected equipment failures are eliminated. 
 
 Update Plant Technology and Processes 
Every machinery has a limited life span, this may be shortened or prolonged based on the operational condition 
of the equipment.  Obsolete technology installed in the plant needs to be replaced with new technology. Some 
of long production stoppages are a result of an obsolete equipment breakdown where there is no spares available 
to replace that specific equipment. All the equipment that are no longer supported by the Original Equipment 
Manufacturer (OEM) need to be upgraded to a newer technology that still has spares available to use in case of 
an unexpected breakdown. As the world evolves to adopt advanced automation with the help of Artificial 
Intelligence (AI) some of the processes need to the altered as Automation improves efficiency and reduces 
errors in the production process. 
 
 Organize the Work Area 
One of the proven ways to improve productivity in the plant is to have an organized workspace. This includes 
having an organized workshop, store room, documents, etc. Having an organized store room where all 
maintenance spares are kept on together with labels per item simplify the process of finding replacement spare 
during the breakdown. All the items that are not needed should be removed from the work space. The practice 
of organizing working area is part of the 5s continuous improvement strategy that aims to maximize the 
productivity of the plant personnel working on the floor.  
4.7  Summary 
 
This chapter provides a detailed result analysis and discussion of this research. Production Key Performance 
Indicators (KPI) are calculated based on the secondary data collected from the steel rolling plant in Newcastle 
Kwa-Zulu Natal Province. Graphs and tables are presented to give a clear insight of the production line 
performance. The research analysis is for a 12 month period from January 2019 to December 2019. Production 
stoppages are analysed with an intent to identify sources of production inefficiencies and areas of improvement. 
Improvement recommendations are made based on the observed performance of the production line in 2019.  
The last section of the chapter presents a list of proposed recommendations for productivity and production 












The previous chapter gives a detailed results analysis and discussion of the study conducted based on a case 
study of a steel manufacturing plant located in Newcastle Kwa-Zulu Natal. The performance of the production 
line is examined using production delays that occur during operation ours.  In the previous chapter Production 
Key Performance indicators are reviewed with the aim of studying their trends over a period of 12 months. This 
chapter aims to conclude the work done during this study. 
5.1  Summary of the Research 
 
The objective of the study is to investigate factors affecting production efficiency of the production line in the 
manufacturing sector. A careful approach is followed in this study to achieve the objective with five chapters 
structured as follows: 
 Chapter 1 presents the research background, problem statement, aim of the research and research 
questions to be answered. 
 Chapter 2 reviews available literature of manufacturing improvement methodologies adopted by 
different manufacturing firms around the globe. 
 Chapter 3 presents a research methodology adopted throughout the conduction of this research, from 
data collection, research design and analysis methods adopted. 
 Chapter 4 provides essential insights into research results analysis and discussion using a case study of 
a steel rolling mill. 
 Chapter 5 concludes the work conducted during the research period. 
5.2  Summary of Research Findings 
 
The analysis presented on the previous chapter indicates that three of production Key Performance Indicators 
under review namely Performance rate, Quality rate and OEE are below World Class Manufacturing 
recommended scores, except for Availability rate. Production stoppages are found to be the main cause of these 
unsatisfactory production line performance. Production operation is supported by three departments namely; 
Electrical, Mechanical and Instrumentation. Among these three departments, Mechanical is found to contribute 
the most toward production downtime followed by Electrical department and lastly Instrumentation which 
contribute only 4% towards the overall downtime of the production line under examination. Recommendations 
to improve production line KPIs are made with emphases on proactive maintenance investment together with 
employees training and development. . Research questions were answered as indicated below: 
 
Question1: What are the optimum Key Performance Indicators (KPI) of manufacturing plants, based on 




The performance of a production line is evaluated based on Availability, Performance and Quality described by 
Overall Equipment Effectiveness(OEE) against World Class Manufacturing(WCM) recommended OEE scores 
presented under the literature in chapter two which are; Availability(90%), Performance(95%), Quality(99%) 
and OEE(85%). 
 
Question 2: What are the contributing factors to low production efficiency of the plant? 
Production stoppages analysis indicates that Production operations in the plant are supported by three 
departments namely; mechanical, electrical and instrumentation. Figure 15 in under section 4.3 illustrates the 
contribution percentage of each department towards the overall production downtime due to breakdowns in 
2019, with mechanical leading with the highest percentage. 
 
Question3: What are the support initiatives that can be implemented in order to improve production 
efficiency of the manufacturing plants? 
Among recommendations made on chapter 4 section 4.5 and 4.6 in order to improve production efficiency 
through KPIs include the following: 
Availability rate 
• Invest in proactive and planned maintenance 
• Invest in employees training and development 
• Update Plant technology and processes on regular intervals 
Performance rate 
• Update Standard Operating Procedures (SOP). 
• Upgrade obsolete technology to improve performance of the plant control system. 
Quality rate 
• Improve Total Quality Management(TQM) 
• Implementation of Six Sigma strategy 
• Implementation of Total Productive Maintenance (TPM) to improve OEE. 
5.3  Limitations of the Study 
 
The study focused on investigating factors affecting production efficiency of the production line. Overall 
Equipment Effectiveness gave insight on the performance in terms of availability, Performance and Quality. 
The research could have also considered the cost of raw material used in the plant as an additional factor to 
consider when dealing with efficiency. However due to failure in researcher’s attempt to have access to financial 
information with the relevant data this could not be possible. 





This research work focuses more on production operations and performance of the production line. With this 
limited scope of work there might be other possible causes of low productivity and efficiency in manufacturing 
organizations that are not included in this research work. The scope of this work can be further extended in 
future to investigate sources of low productivity and inefficiencies, including costs of raw materials in the entire 
manufacturing organization rather than a specific production line using quantitative data and qualitative 
approach through workforce interviews and questionnaires. 
5.5  Summary 
 
This chapter concludes the research work by firstly giving a summary of the previous chapters and their contents 
with the aim of giving a reader an oversight of the research work conducted. A summary of research findings is 
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